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of polymorphonuclear cells (PMNs, neutrophils). 
Surprisingly, such PMN infiltration was almost completely 
absent in the C5 blocker treated mice. 

During the clinical course of CIJI, an important 
5 indicator of the progression of disease is the 
involvement of additional limbs. Therefore, the number 
of limbs with clinically detectable JI at the end of the 
treatment period was compared with the number of limbs 
exhibiting JI symptoms before the start of therapy. The 
10 severity and progression of JI in each affected paw was 
determined and scored as described above under the 
heading "Materials and Methods", and the sum of the 
scores for all four paws of each animal was used as a "JI 
index" . The thicknesses of all four paws of each animal 
15 were also measured with a caliper during the time of this 
experiment to provide a completely objective evaluation 
of this aspect of disease progression. 

As shown in Table 1 (mean values) and Table 2 
(individual values) , there were significant increases in 
20 new limb involvement in the control treated group during 
the course of 10 day treatment, while the number of 
inflamed limbs was decreased when DBA/lLacJ mice with 
inflamed joints were treated with the C5 blocker starting 
at the time of disease onset. In addition to new limb 
25 recruitment, the initially affected paws of the control 
treated animals evidenced progression of inflammatory 
joint disease severity by becoming more inflamed (Figure 
2a). Acute inflammation in the affected joints was 
observed as severe joint swelling and redness during the 
30 first few days, followed by joint deformation and 

ankylosis at the end of 10 day period. In contrast, no 
new paws were involved and the severity of inflammation 
in the majority of affected joints subsided or remained 
unchanged during the course of C5 blocker therapy (Figure 
35 2a) . 

The paw thicknesses of initially affected limbs in 
both C5 blocker treated and control treated groups during 
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the course of these experiments is shown as mean values 
for each group in Figure 2b. Figures 3a, 3b, 3c, and 3d 
show values for each initially inflamed paw of each of 
the matched pairs of control treated and C5 blocker 
treated animals, while Figure 3e shows the values 
obtained for each initially inflamed paw of each of the 
unpaired C5 blocker treated animals (shown along with the 
mean values for control treated animals of Figure 2b) . 
In these figures, the number in parenthesis indicates the 
designation of the particular animal, while the letters 
following the numbers (only in those cases where more 
than one limb was affected initially) indicate the 
' particular paws affected, with the first letter 
indicating front (F) or rear (R) paws, and the second 
letter indicating right (R) or left (L) paws. 

As can be seen in Figures 2 and 3, and in Tables 1 
and 2, C5 blocker treatment successfully prevented 
further paw recruitment and reduced (but did not 
completely abolish) the inflammation in the initially 
affected joints in all but one (mouse #4) of the C5 
blocker treated animals. As can be seen in Figure 2b, 
the mean thickness of initially affected paws in the 
control treated group increased significantly during the 
10 day period, while the mean thickness of initially 
affected paws in the C5 blocker treated group decreased, 
but not significantly. 

EXAMPLE 2 

n ^iarHr Treat ment- with a rs Blocker Prevents 
rvVMa gen Induced Joir i- Tnf lamination 
In these experiments, the administration of the C5 
blocker coincided with the reimmunization of the 
experimental animals with B-CII. On the day of 
reimmunization, mice were symptom free, and were randomly 
assigned to C5 blocker treatment or control treatment 
groups. Each mouse was treated with either the C5 
blocker (anti-mouse C5 mAb, BB5.1) or a control treatment 
(anti-human C8 mAb, 135.8) at 750 M g per mouse ip twice 
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weekly. The animals were treated for four weeks, at 
which time treatment was discontinued. The results of 
this study are shown in Figures 4 and 5. 

Administration the C5 blocker completely prevented 
5 the development of CIJI (0/8) . All mice in the C5 
blocker treated group exhibited no signs of clinical 
disease during the period of treatment {and for up to two 
months after discontinuing the C5 blocker therapy in the 
two animals followed for that long) . In contrast, 90% 
10 of the control treated animals (9/10) developed JI by 4-6 
weeks after the first B-CII immunization. The percent 
incidence of JI observed in the control treated and C5 
blocker treated animals after 4-6 weeks is plotted in 
Figure 5a. (Note that the value for the C5 blocker 
15 treated group in this figure is actually 0%, but a bar 
indicating 1% has been plotted in order to indicate that 
the data for this set of animals was obtained and is 
presented.) Peak inflammation levels were observed 
around 5 weeks after the initial collagen immunization. 
20 As shown in Figure 5b, 80% to 90% of the serum hemolytic 
activity was depleted in the C5 blocker treated group, 
while the serum hemolytic activity remained normal in the 
control treated group. 

As shown in Figure 4, histological examination of 
25 affected joints from control mice revealed extensive 
mononuclear cell as well as polymorphonuclear cell 
infiltration, thickening of the synovial membrane and 
bone erosion by the expanding synovial pannus (Figure 
4b) . In contrast, there were no signs of inflammatory 
30 processes observed in the majority of joints studied from 
the C5 blocker treated mice. A few joints from these C5 
blocker treated mice showed some subclinical thickening 
of the synovial membrane, but this alteration was not 
accompanied by any visible bone erosion or inflammatory 
35 cell infiltration (Figure 4c) . Interestingly, 
immunofluorescence staining showed antibody deposition 
along cartilage surfaces and C3 activation at synovial 
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membranes in the joints of both the control treated and 
the C5 blocker treated animals. 

EXAMPLE 3 

Effect of CA Block e r- Treatment on the Hyrnipral and 
5 Cellular Immune Res p nnaea to Tmmunizat i rm with Cpllaqen 

Responses of both the humoral and cellular immune 
systems are activated after immunization of DBA/lLacJ 
mice with bovine Collagen II. Anti B-CII titers 
increase, and the serum IgG anti B-CII titers in C5 
10 blocker treated mice are equivalent to those of control 
treated mice when tested at 14, 28 and 42 days after the 
initial B-CII immunization (Figure 6a) . Anti B-CII 
antibody titers from both control and anti-C5 mAb treated 
mice rise significantly after the B-CII reimmunization 
15 and remain at the resulting plateau for an extended 
period of time. 

In order to study T cell responses, lymph node cells 
(LNCs) from C5 blocker treated mice and control treated 
mice were cultured with either B-CII, B-CI, C-CII, or 
20 culture medium only. LNCs from either C5 blocker treated 
mice or control treated mice responded specifically and 
equally to B-CII regardless of the treatment the animals 
received concurrently with B-CII reimmunization. C-CII, 
which shares many conserved regions of homology with B- 
25 CII also elicited a moderate T cell response when 
cultured with LNCs from C5 blocker treated mice or from 
control treated mice. In contrast, LNCs from age matched 
non- immunized mice responded poorly to all of the tested 
collagens (Figure 6b) . 
30 The data obtained in these experiments and those of 

Examples 1 and 2 clearly demonstrate that in vivo 
administration of a C5 blocker prevents the development 
and progression of CHI and that this treatment does not 
interfere with the humoral and cellular immune responses 
35 seen after immunizing mice with bovine type II collagen. 

Both collagen- specific T cell responses and anti-CH 
antibody titers were comparable in both the C5 blocker 
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treated mice and the control treated B-CII reimmunized 
mice. 

KXAMPLB 4 

gg aionkPr Tnhi b-ii-inTi of Complement Activity 
5 The effects of a C5 blocker on complement activation 

were evaluated using a closed- loop cardio- pulmonary 
bypass (CPB) model for the extracorporeal circulation of 
human blood. As discussed fully in copending U.S. patent 
application Serial No. 08/217,391, filed March 23, 1994, 
10 extracorporeal circulation of human blood causes 
activation of complement in the blood. 

The C5 blocker was a monoclonal antibody raised in 
mice against purified human C5 protein (Wurzner, et al., 
r^ pi^nt-. Tnflamm .8:328-340, 1991; mAb N19-8) that was 
15 propagated, recovered and purified as an IgG fraction 
from mouse ascites fluid (Anf.iboai.es, A Laboratory 
Manual, Cold Spring Harbor Laboratory, New York, 1988; 
flmsaS E£g£QS glS T " T^mmolocrv. John Wiley & Sons, New 
York, 1992) . 

20 To carry out these experiments, 300 ml of whole 

human blood was drawn from a healthy human donor and 
additionally a 1 ml sample was removed as a control 
sample for later analysis. The blood was diluted to 600 
ml by the addition of Ringer's lactate solution 
25 containing lOU/ml heparin. The C5 blocker (30 mg in 
sterile PBS) was added to the diluted blood to a final 
concentration of 50 fig/ml. In a control experiment, an 
equal volume of sterile PBS was added to the diluted 
blood. The blood was then used to prime the 
30 extracorporeal circuit of a COBE CML EXCEL membrane 

oxygenator CPB machine (Cobe BCT, Inc., Lakewood, CO) and 
the circuit was started. The circuit was cooled to 28°C 
and circulated for 60 minutes. The circuit was then 
warmed to 37°C and circulated for an additional 30 
35 minutes. The experiment was then terminated. Samples 
were taken at several time points and evaluated for 
complement activity (Figure 7) . 
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At each time point an aliquot of white blood was taken, 
divided into 3 samples and A) diluted 1:1 in 2% paraformaldehyde 
in PBS to evaluate platelet and blood cell activation parameters 
as discussed in the above-referenced U.S. Patent Application 
Serial No. 08/217,391; B) centrifuged to remove all cells and 
plasma diluted 1:1 in Quidel sample preservation solution 
(Quidel Corporation, San Diego, CA) and stored at -80°C, 
following which these frozen diluted plasma samples were thawed 
and used to evaluate C3a and C5b-9 generation (Examples 5 and 6, 
respectively), and C) centrifuged to remove all cells and 
undiluted plasma stored at -80°C, following which these frozen 
plasma samples were thawed and hemolytic assays were performed 
as described above. 

As can be seen in Figure 7, addition of the Cb blocker ro 
the extracorporeal circuit resulted in a 95% reduction of the 
cell-lysing ability of complement in the plasma. The complement 
activity remained inhibited throughout the course (90 minutes) 
of the experiment. 

EXAMPLE 5 

feneration of C3a in the Pr esence of a C5 Blocker 
The fresh frozen plasma samples that had previously been 
diluted in Quidel sample preservation solution following CPB 
circulation (see Example 4) were assayed for the presence of the 
complement split product C3a by using the Quidel C3a EIA kit 
(Quidel Corporation, San Diego, CA) . These measurements were 
carried out according to the manufacturer's specifications. C3a 
released is expressed in ng/well as determined by comparison to 
a standard curve generated from samples containing known amounts 
of human C3a. 

As seen in Figure 8, addition of the C5 blocker had no 
effect on the production of C3a during the CPB experiment. C3a 
generation was dramatically increased during the final 30 min. 
of the experiment and correlates with sample warming. 
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EXAMPLE 6, 

PrevgnfciQB gl the te "" yaHon Qf ^ h ' 9 by * C5 Packer 
Fresh frozen plasma samples that had been previously 
diluted in Quidel sample preservation solution following 
5 CPB circulation (see Example 4) were assayed for the 
presence of the terminal human complement complex C5b-9 
using the Quidel C5b-9 kit (Quidel Corporation, San 
Diego f CA) . The amount of soluble C5b-9 (sC5b-9) in each 
sample was determined using the manufacturers 
10 specifications and is expressed in arbitrary absorbance 
units (AU) . 

As can be seen in Figure 9, the C5 blocker 
completely inhibited C5b-9 generation during 
extracorporeal circulation so that sC5b-9 levels during 
15 the full course of the run were equivalent to control 
(t 0 ) time points. The results of this experiment and 
those of Examples 4 and 5 show that the addition of a C5 
blocker to human blood undergoing extracorporeal 
circulation effectively inhibits both complement 
20 hemolytic activity (Figure 7) and C5b-9 generation 
(Figure 9), but not C3a generation (Figure 8). 

Example 7 
pv^T-m f.rnkineti r g nf mAb CS Blockers 
The in vivo duration of action of mAb BB5.1, and a 
25 Fab' fragment of mAb BBS. 1 (prepared by standard methods) 
was determined in normal female BALB/cByJ mice (averaging 
approximately 20 gms each) which were obtained from the 
Jackson Laboratory, Bar Harbor, ME. The mice were given 
a single intravenous injection (at 35 mg/kg body weight) 
30 of the mAb or the Fab' fragment of the mAb (or an equal 

volume of PBS as a control). Blood samples were 
collected from the retroorbital plexus at 1, 4, 24, 96, 
and 144 hours after administration of PBS; 4, 16, and 24 
hours after administration of the Fab' fragment of mAb 
35 BB5.1; and 4, 24, 48. 72, 96, and 144 hours after 

administration of intact mAb BB5.1. 
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Fig. 10a shows the time course of inhibition of the 
cell-lysing ability of complement in mouse blood 
(determined by testing serum obtained from the blood and 
diluted to 2.5% in hemolytic assays, as described above) 
5 after the in vivo administration of the intact mAb, the 
Fab' fragment, or the PBS. As shown in the figure, the 
intact mAb almost completely inhibited the hemolytic 
activity of the blood throughout the 6 day test period. 
The Fab' , however, had a half -life of approximately 24 
10 hours. 

In addition to the above experiments, at the end of 
the 6 day testing period all of the mice were sacrificed. 
Kidneys, lungs, and livers were harvested and examined by 
gross inspection, as well as by microscopic examination 
15 of stained sections. All of the organs of the C5 blocker 
treated animals appeared the same as those taken from the 
PBS control treated animals. The overall appearance of 
these test and control mice was also indistinguishable 
prior to necropsy. 
20 An anti-human C5 mAb was also tested for 

pharmacokinetic properties in circulating human blood as 
described above in Example 4. As described therein, the 
hemolysis -inhibiting effects of this C5 blocker were 
assayed over a 90 minute period of circulation. The 
25 results of these assays are charted in Figure 10b, and 
show that the C5 blocker essentially completely inhibited 
the cell lysing ability of the human blood during the 
entire 90 minute period of circulation. 

The results of these experiments demonstrate that 
30 these C5 blockers will survive in the bloodstream for a 

substantial period of time, thus making periodic 
administration practical. 



pr-oparet-.ion of a C5 Blocker 
A C5 blocker mAb suitable for use in the practice of 
the present invention was prepared as follows. 
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Balb/c mice were immunized three times by intraperitoneal 
injection with human C5 protein {Quidel Corporation, San Diego, 
CA, Catalog #A403) . The first injection contained lOOug of C5 
protein in a complete Freund' s adjuvant emulsion, the second 
immunization contained lOOug of C5 protein in an incomplete 
Freund' s adjuvant emulsion, and the third immunization was lOOug 
of protein in PBS. The mice were injected at roughly 2 month 
intervals . 

Fusions of splenocytes to myeloma cells to generate 
hybridomas were performed essentially as described in Current 
Protocols in Immunology (John Wiley & Sons, New York, 1992, 
pages 2 . 5 . 1 to 2 . 5 . 17 ) . One day prior to fusion the mice were 
boosted IV with lOOug of C5 protein. On the day of fusion, the 
immunized mice were sacrificed and spleens was harvested. 3P2/0- 
AG14 myeloma cells (ATCC CRL#1581) were used as the fusion 
partner. SP2/0-AG14 cultures were split on the day before the 
fusion to induce active cell division. A ratio of 1:10 (myeloma 
cells:splenocytes) was used in the fusions. 

The cells were fused using PEG 1450 in PBS without calcium 
(Sigma Chemical Company, St. Louis, M0, Catalog No. P-7181) and 
plated at 1-2.5 x 10' 1 cells per well. Selection in EX-CELL T: ' 300 
medium (JRH Biosciences, Lexena, KS, Catalog No. 14337-78P) 
supplemented with 10% heat inactivated fetal bovine serum (FBS); 
glutamine, penicillin and streptomycin (GPS); and HAT (Sigma 
Chemical Company, St. Louis, MO, Catalog No. H-0262) was started 
the following day. The fusions were then fed every other day 
with fresh FBS, GPS, and HAT supplemented medium. Cell death 
could be seen as early as 2 days and viable cell clusters could 
be seen as early as 5 days after initiating selection. After 
two weeks of selection in HAT, surviving hybridomas chosen for 
further study were transferred to EX-CELL 300 medium 
supplemented with FBS, GPS, and HAT (Sigma Chemical Company, St. 
Louis, MO, Catalog No. H-0137) for 1 week and then cultured in 
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EX-CELL 300 medium supplemented with FBS and GPS. 

Hybridomas were screened for reactivity to C5 and 
inhibition of complement-mediated hemolysis 10-14 days after 
fusion, and were carried at least until the screening results 
were analyzed. The screen for inhibition of hemolysis was the 
chicken erythrocyte lysis assay described above. The screen for 
C5 reactivity was an ELISA, which was carried out using the 
following protocol. 

A 50 uL aliquot of a 2ug/ml solution of C5 (Quidel 
Corporation, San Diego, CA) in sodium carbonate/bicarbonate 
buffer, pH 9.5, was incubated overnight at 4°C in each test well 
of a 96 well plate (Nunc-Immuno rz F96 Polysorp~ : , A/S Nunc, 
Roskilde, Denmark) . The wells were then subjected to a wash 
step. (Each wash step consisted of three washes with TBS?.) 
Next, test wells were blocked with 200 pL of blocking solution, 
U BSA in TBS (BSA/TBS) , for 1 hour at 37°C. After an 
additional wash step, a 50uL aliquot of hybridoma supernatant 
was incubated in each test well for 1 hour at 37°C with a 
subsequent wash step. As a secondary (detection) antibody, 50pL 
of a 1:2000 dilution of horseradish peroxidase (HRP) conjugated 
goat anti-mouse IgG in BSA/TBS , was incubated in each test well 
for 1 hour at 37°C, followed by a wash step. Following the 
manufacturer's procedures, 10 mg of O-phenylenediamine (Sigma 
Chemical Company, St. Louis, MO, Catalog No. P-8287) was 
dissolved in 25 mLs of phosphate-citrate buffer (Sigma Chemical 
Company, St. Louis, MO, Catalog No. P-4922) , and 50 uL of this 
substrate solution was added to each well to allow detection of 
peroxidase activity. Finally, to stop the peroxidase detection 
reaction, a 50uL aliquot of 3N hydrochloric acid was added to 
each well. The presence of antibodies reactive with C5 in the 
hybridoma supernatants was read out by a spectrophotometr ic OD 
determination at 490 nm. 



35 



CA 02198706 2007-07-26 



- 41 - 

The supernatant from a hybridoma designated as 5G1.1 
tested positive by ELISA and substantially reduced the cell- 
lysing ability of complement present in normal human blood in 
the chicken erythrocyte hemolysis assay. Further analyses 
revealed that the 5G1.1 antibody reduces the cell-lysing ability 
of complement present in normal human blood so efficiently that, 
even when present at roughly one-half the molar concentration of 
human C5 in the hemolytic assay, it can almost completely 
neutralize serum hemolytic activity. 

Hybridoma 5G1.1 was deposited with the American Type 
Culture Collection, 12301 Parklawn Drive, Rockville, Maryland, 
20852, United States of America, on April 27, 1994, and has been 
assigned the designation HB-11625. This deposit was made under 
the Budapest Treaty on the International Recognition of the 
Deposit of Microorganisms for the Purposes of Patent Procedure 
(1977) . 

Although preferred and other embodiments of the invention 
have been described herein, further embodiments may be perceived 
by those skilled in the art without departing from the scope of 
the invention as defined by the following claims. 
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95.6 ± 3.8 


1 C5 
Blocker 
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8 (1.3) 
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- 12.5 


13.9 ± 4.7 



* Numbers in parenthesis represent the average number of 
affected joints per mouse. 
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